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1. A curved shock leaves behind anisentropic gas flow, i.e., one in which 
specific entropy, though remaining constant along a particular streamline, 
varies from streamline to streamline. In this note, we shall derive some 
geometrical properties of such a flow when the motion is steady and axially- 
symmetric. For the plane, steady case these were first derived by Hansen and 
Martin [l] on the basis of Martin’s formulation of plane rotational gas flow, 
wherein he takes stream function and pressure as independent variables [2]. 
Here, however, we derive the results for the axially-symmetric case by a 
different method. Martin’s formulation, for the plane rotational gas flow, 
probably can be extended to axially-symmetric case also; but it would lose its 
simplicity which it has for the plane case. 
2. Take the x-axis along the axis of symmetry, and let y denote the radius 
from the axis of symmetry. The steady, anisentropic motion of a perfect 
polytropic gas, devoid of all dissipative mechanisms, is then governed by the 
following equations [3, 41: 
(PU)z + (PG/ + (5) = a 
% + vuy + p-p, = 0, 
uv, + vq/ + p-‘Py = 0, 
us, + vs, = 0, 
(2) 
(3) 
(4) 
p = exp (y) pi, (5) 
where U, v are velocity components, p the pressure, p the density, S and S,, 
the specific entropy and the specific entropy at some reference state, respect- 
ively, C, the specific heat at constant volume, and y the ratio of specific 
heats, assumed constant. In the above equations and sequel, x, y, u, v in the 
s&ix denote partial derivatives with respect to them. 
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Equation (4) with the help of (1) and (5) can be written as 
while Eqs. (2) to (5) yield the Bernoulli’s equation 
$+S=H, 
(6) 
(7) 
where q2 = u2 + v2, C = (yp/~)l/~ is the local sound speed, and H denotes 
the total energy per unit mass. In general, H is constant along a streamline 
but can vary from streamline to streamline. However, we shall confine 
attention only to iso-energetic flows for which His a constant throughout the 
flow field. Such a gas flow appertains to that behind a curved shock ahead of 
which the flow is uniform. 
3. We denote the slope of the map of a stream line in the hodograph 
plane (u, v plane) by (dv/du)+const , then 
where + is Stokes’ stream function given by 
pu = y-l&J 3 pv = - y-l& 1 (9) 
Also, we have the transformation relations 
YV uz=-, XV YU 
J 
uy=--, 
J 
v,=---, 
J 
vy2, 
I 
(10) 
when J = 8(x, y)/(u, v) # 0. Equation (8), with Eqs. (9) and (lo), becomes 
(11) 
when use is made of (2) and (3). But (- p&J is the slope of the isobar (curve 
of constant p) in x, y plane. If we denote it by (dy/dx)D=const , then (11) gives 
the result 
dr ( 1 
dv 
zi $=Con8t x du +const = - ly ( 1 (12) 
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i.e., the tangent drawn to an isobar in thephysicalplane and that to a streamline 
in the hodograph plane at the corresponding point are perpendicular to each 
other. 
4. In the x, y plane the slope of curves of the constant Mach angle p is 
given by 
dr 
( ) 
I% Gtl - 423 
dx ucconst = - K = - (q&l - q$) ’ 
where Sin 1-1 = c/q. From (7), for iso-energetic flows we have 
42 c,=& 
which, when used with (13), yields 
dr 
( 1 
4x 4 & 
rr-const 
---&=-& ) ( ) q-const 
(13) 
(14) 
(15) 
where WPbonst is the slope of the isovels (curves of constant q). Thus 
isovels coincide with curves of constant Mach angle, and we have the result: 
The streamline and Mach line intersect at a constant angle along an isovel. 
5. From (6) we get the slope of the isobar as 
dr ( ) v + rP(%! + vu + v/r) z =u . zl-const UP, 
If we denote 
p, = YP(% + VW + V/Y> 
UPV 
, 
(16) 
then P,, so defined represents the difference between the slopes of isobar and 
streamline at any point. We call P, the “principal direction of the isobar”. 
For a given P,, and the direction of streamline at any point, the direction of 
isobar at that point is fixed. 
In the same way P, , the principal direction of the isopycnic (curve of 
constant p) can be obtained from (1) as 
p = Phz + vu + V/Y) 
* . 
UPU 
(18) 
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From (17) and (18), we have 
p,pY=yp=c” 
P PY P ' 
(19) 
and thus the local sound speed at any point in the physical plane is the geometric 
mean of the ratios (PJPJ and (p,/p,). For isentropic flows p, = c2p,, and 
then P, = P, , as it should be. Conversely, if P, = P, , then it follows from 
(17) and (18) that the flow is isentropic. Hence the isobar and the isopycnic 
coincide, if and only if the$ow is isentropic. 
6. For a perfect gas, we have p = pRT, where R is the gas constant, and 
T the absolute temperature. The slope of isothermal (curve of constant T) at 
any point in the physical plane is given by 
which with the help of (1) and (6) becomes 
TJ + (Y - 1) PPk + % + V/Y) 
U(PPY - PP,) * 
Thus PT , the principal direction of isothermal, is given by 
pT = (Y - 1) PP(% + *, + V/Y> 
4PPu - PPJ * 
(21) 
From (17), (18) and (21), we get 
and we have the result: The principal direction of the isobar is the weighted 
harmonic mean between the principal directions of the isothermal and isopycnic 
curves. 
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